We here review principal literature data about sleep disorders in menopause and we compared it with data obtained from a systematical screening of a sample of 161 menopausal women through questionnaires and clinical evaluation. Our data reveal high occurrence of sleep disorders in this group of women if compared to literature data about general population, in the absence of statistically significant differences among the three menopausal stages: we find only a trend toward a higher risk of OSAS (Obstructive Sleep Apnea Syndrome) in PM versus early PM and MT. However, none of women in our survey underwent PSG (polysomnography), essential to confirm the diagnosis of OSAS and none was diagnosed with RLS (Restless Legs Syndrome) (prior to our survey) by the Gynecologist or General Pratictioner: these data reveal the issue of too low attention towards sleep disorders in this contest. Generic "sleep complaints" are clearly associated with depressed mood and worse-quality life along the menopausal process. In our sample, a non-specific definition of insomnia shows a peculiar relationship with a mood disorder: it is only variable not associated with higher BDI and KI scores, in fact. This might suggest that the conditions linked to depression of these women could be more specific sleep disturbances, such as RLS and OSAS.
 Vasomotor Symptoms (VMS)
They manifest as hot flushes (sensation of heat), hot flashes (episodes with sweating) and night sweats. The mechanism causing those is not fully understood. One theory is that reduced estrogen causes decreased endorphin concentrations in the hypothalamus, which increases the release of norepinephrine and serotonin, which lowers the set point in the thermoregulatory nucleus and trigger inappropriate heat loss [15] [16] : this hypothesis is supported by the reduction of VMS by serotonin-norepinephrine reuptake inhibitors (SNRI), which rebalance serotonin and norepinephrine systems.
The percentage of women reporting VMS [17] [18] is high, between 50% and 75% [19] [20] . They are typical for MT and frequently resolve within a few months, but in some cases can persist for several years (up to 29% of 60-year-old women reported persistent hot flashes) [21] . There is numerous evidence of correlation among insomnia, poor sleep and VMS. A study in which estrogen deficiency was induced with a GnRH agonist in healthy premenopausal women demonstrates that hot flashes are associated with: 1) an increase in episodes of WASO 2) a decrease in perceived sleep efficiency, and 3) a statistically significant correlation between nocturnal VMS and sleep disruption [22] . Actigraphy sleep studies detect more and longer WASO [23] [24] . In PSG studies nocturnal hot flashes are found almost only during the first 4 hours of sleep [25] and are associated with more N1, less N3 sleep and reduced sleep efficiency [26] .
Some observations on VMS being related to increased actigraphy-detected wakefulness, but not to alterations of total sleep time or latency [23] suggested that a compensation (longer time in bed) for increased WASO was retained, thus preserving total sleep time. An important factor could be the time when VMA events occur: in fact, since the first half of the night is the period when the relative proportion of deep sleep is greater, when individuals are deprived of deep sleep in the first half of the night, compensation occurs through more deep sleep in the second half of the night, making total sleep time unchanged [27] .
Prevalence of VMS and insomnia through reproductive and menopause phases varies: fewer women in late reproductive age (12.5% and 36.5%) and PM stage (39.3% and 50.7%) report respectively VMS and chronic insomnia; however, the ratio was reversed in the MT stage (79.0% VMS and 56.6% chronic insomnia) [28] . This implies that 1) some women might have had insomnia before entering the MT, 2) VMS might be present before menstrual bleeding irregularity is noticed and/or 3) sleep, especially in PM, is impacted by factors other than VMS (so general ageing sleep changes become a predominant factor).
 Anxiety and Depressed Mood
During their lifetime, women are more vulnerable than men to developing depressed mood and a subset of them seems to be particularly sensitive to hypothalamic-pituitary-ovarian hormone variations [29] . Numerous studies have shown that, during the MT, the prevalence of depression rises apparently inde- [33] [34] and the association has also been documented in peri-menopausal and postmenopausal women [15] . The Depressed mood has been observed in people with primary sleep disorders and insomnia is a frequent complaint in depressed patients.
Some have postulated that MT-related VMS provoke sleep disturbance that induces mood disorders, but many others have evidenced that in women with depressed mood there is an amplification of multiple MT symptoms, particularly bad sleep quality and VMS (that are reported more frequent and of higher intensity) [35] . Women exhibiting MT-related depressed mood did not differ by the presence or absence of VMS. Additionally, actigraphy sleep studies reveal that there is no difference (between depressed and not) in the number of VMS correlated with awakenings and women with perceived poor sleep show longer sleep latency and shortened sleep time but do not show more or longer WASO (that are typical in VMS-related sleep alteration) [36] . PSG studies in depressed/anxious patients are frequently characterized by REM sleep fragmentation and in a small study of menopausal women increased the percentage of REM sleep has a positive relationship with depression score [37] .
Restless Legs Syndrome (RLS)
RLS is a disorder characterized by disagreeable sensations in the legs (itching, creeping, tingling, usually between the ankle and the knee) that provoke an irresistible urge to move and are relieved temporarily with movements. Patients typically complain of these sensations in the evening, during the night or when they are at rest. In Caucasian population, it has a prevalence of about 5% -15%.
One large study reported an overall prevalence of 7%, but clinically significant in about 2.7% [38] . Periodic limb movement of sleep (PLMS) is a stereotyped leg movement (extension of the big toe with partial flexion of the ankle, knee and sometimes the hip) that, in addition to be present as an independent sleep disorder, may develop in about 80% -90% of patients with RLS.
There are a primary and a secondary forms of RLS. The Primary form has earlier onset (less than 45 years old), higher incidence in women, increasing severity with age and a strong familiar link. Among secondary forms, iron deficiency and end-stage renal disease represent major causes of RLS, but it may also occur in association with pregnancy, diabetes, polyneuropathy and multiple sclerosis [39] [40] [41] .
Some studies correlate RLS and PLMS with increased cardio-cerebrovascular events, possibly as a consequence of sympathetic over activity and chronic intermittent hypoxia. However, recent reviews reveal inconsistent and limited available evidence on this association and highlight the vast presence of confounding factors [42] [43] . consistently showing iron reduction include the substantia nigra and, to a lesser extent, the putamen and caudate nucleus. Dysregulation of iron transport across blood-brain barrier is one possible mechanism [46] . A role of reproductive hormones in RLS is suggested by the prevalence in women and by the association or worsening in periods of increased endogenous estradiol levels [47] [48] : based on these data one could expect a drop in RLS prevalence after menopause as a consequence of drop of estrogens levels. There are few studies evaluating this sleep disorder in menopause, but all revealed increased severity of a pre-existent RLS (in until 69% of patients) [49] [50] . On the other side, numerous epidemiological data show an increase of prevalence and severity in both genders [51] , which could suggest that a confounding factor in the assessment of RLS prevalence in menopause might be represented by increasing age and related co-morbidity.
Obstructive Sleep Apnea Syndrome (OSAS)
OSAS is a syndrome characterized by apneas or hypopneas during sleep. It results in intermittent arousals, hypoxemia and increased sympathetic activity. Affected patients complain of Insomnia, daytime sleepiness, memory impairment, decreased quality of life and are at greater risk for coronary artery disease, hypertension and stroke [52] .
Pathogenesis is related to an excessive collapse of airways during inspiration, caused by craniofacial malformations and/or deposition of adipose tissue at the level of neck and tongue and/or reduction of functional residual capacity caused by increased abdominal circumference.
Prevalence is higher in men and it has been increasing over the last decades: now it is estimated around 13% in men and 6% in women [51] . Among females, OSAS affects especially early PM and PM women and it's reported in about 20% [53] [54] .
Well-known risk factors during menopause are of course increased body weight and redistribution of fat, with increased waist and neck circumference. However, menopausal status remains a significant risk factor for OSAS even after adjusting for body mass index, waist circumference or waist to hip ratio: despite a comparable BMI, post-menopausal women have more severe sleep apnea syndrome when compared to pre-menopausal ones [55] . This could be the con-sequence of caused by female hormones drop by two mechanisms: increased upper airway collapse and also reduced central respiratory drive. A recent study using drug-induced sleep endoscopy shows a tendency to more severe airway obstruction in all parts of the airways in menopausal women than in men with similar age and BMI [56] : evidences in rats suggest that it could be done to decrease genioglossus tone, that inversely correlate with estradiol concentration [57] . It has also been observed that postmenopausal women possess a reduced central chemoreflex drive to breathe that is associated with decreased circulating female sex steroid hormone concentrations [58] . Some epidemiological studies in large population-based cohorts found that combined treatment with progesterone and estrogens was associated with reduced prevalence of sleep-disordered breathing [59] [60].
The Role of Hormonal Therapy
There are several different mechanisms by which menopause-related changes in estrogen and progesterone levels (and consequent HT) could influence sleep.
Estrogen has a thermoregulatory effect and is involved in norepinephrine, serotonin and acetylcholine metabolism, all neurotransmitters involved in sleep regulation. It increases REM cycles and total sleep time, decreases sleep latency, number of awakenings during the night and seems to have a role in decreasing the number of cyclic spontaneous arousals [61] .
Progesterone stimulates benzodiazepine receptors and has sedative and anxiolytic properties [62] . A high clinical dose of micronized progesterone given orally 1.5 hours before bedtime significantly shorted the latency to REM sleep and increased the amount of non-REM sleep in a small group of young men [63] .
Generally, HT administered to women in the MT is observed to improve sleep; however, the effects seem to be modest and co-occur with improvement in the other symptoms, in particular VMS [64] [65] . In one actigraphy sleep study (in 3000 menopausal women), those on hormone therapy were less likely to wake up after falling asleep and experienced fewer and shorter wake episodes [66] . Also, most PSG studies reveal shorten sleep latency, less WASO, increased REM sleep, but whether this occurs by direct effect of ovarian hormones or by indirect effect (via alleviation of other sleep-interfering symptoms) is difficult to answer.
Occurrence and Impact of Specific Sleep Disorders in Menopausal Women
Among all the several previous studies that analyze sleep disturbances during the menopausal process very few of them describe in detail the role of specific sleep disorders diagnosis. This is reasonably due to the practical difficulties in following and studying women all along the menopausal transition period, which means for several years, as well as to the need for objective and instrumental evaluations, which require resources that are often expensive and unavailable even in dedicated sleep services. We here tried, through questionnaires and clinical evaluation, to create an overview, a screening approach, that could give an idea of specific disorders' role in menopausal sleep disturbances. Given the intrinsic limitation of this method, our reasonable goal is only to clarify if sleep complains in menopausal women show a consistent trend independently from the definite diagnosis, or if a specific profile could identify women at higher risk, the possible target of a personalized instrumental investigation and therapeutic strategy.
Methods
We enrolled consecutive women > 18 years old attending the Menopause Surgery of the Clinic of Gynecology and Obstetrics of Udine's "Aziendaospedaliero-Universitaria S. Mariadella Misericordia" between February and September 2017. All these patients were then evaluated in our Sleep Clinic by a Neurologist expert in Sleep Disorders.
We collected data about socio-demographical characteristics, age of the last menstrual cycle, lifestyle (BMI, smoking, consumption of alcohol, coffee), medical history and pharmacotherapy. We administered the Berlin Questionnaire for OSAS's risk [67] , the International Restless Legs Syndrome Study Group Rating Scale (IRLSSGRS) [68] for RLS evaluation; the Beck Depression Inventory (BDI) to quantify mood disorder [69] ; the Epworth Sleepiness Scale (ESS) [70] and the Pittsburgh Sleep Quality Index (PSQI) [71] were used to asses sleep quality; the Kupperman Index (KI) was used as an already validated tool to assess quality of life in menopausal women [72] .
Through these tools we identified four different patterns of sleep disorders: -RLS: disagreeable sensations in the legs that provoke an irresistible urge to move and are relieved temporarily with movements; -high/low risk of OSAS, defined by more or less than 2 points in Berlin Questionnaire; -insomnia: difficulty in falling asleep, in maintaining sleep, or the feeling that sleep is non-restorative, with daytime consequences (Darien I 
Statistical Analysis
Continuous variables are described by mean ± standard deviation (sd) and categorical variables are described with number out of total. Differences among the
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groups were explored by ANOVA analysis and a p-value < 0.05 was considered statistically significant. Statistical analysis was carried out using the SPSS13 software.
Results
The examined sample consists of 161 women, whose Mean age is 55 ± 6.7 years and the mean age of menopause is 49 ± 4.9, 19% of women are in MT, 43% in early PM and 38% in PM.
Insomnia is reported by 43% of the total population, almost initial.
Physical, socio-demographical characteristics, habits and comorbidities among all patients are shown in Table 1 .
Hypertension and smoke habit are more common in PM women than MT, but the three groups do not differ in other baseline characteristics.
We do not find a statistical difference in the occurrence of sleep disorders across the three stages, as shown in Table 2 .
RLS appears higher than in general population, 21.7% in the total studied population.
However, it has to be noted that this data could overestimate the real prevalence of RLS in menopause: our sample consists of women attending a gynecologic service, likely suffering of some menopausal-related disturbances. This higher occurrence of RLS could suggest and be explained as a consequence of fluctuating hormonal levels in MT and of the additional effect of ageing in PM women. We note a trend toward a higher risk of OSAS in PM compared to MT. Waist, neck circumference, Mallampati score and hypertension are significantly higher or more frequent in high-risk-OSAS women ( Table 3) .
As expected, sleep disorders as a whole (see "Any Sleep Complain") show to affect both a quality of life index (KI) and a mood disorders one (BDI): this is still true in isolated RLS and OSAS subjects, who present a higher BDI and KI scores, but peculiarly it is not confirmed for insomnia as an isolated self-reported symptom (Table 4) .
However, quality of life and depression estimating indexes (BDI, KI) are not different throughout menopausal stages (Table 5 ).
Discussion
Several studies evaluate generically sleep disorders, with different methodologies, at different time-points, often as a global construct. To the best of our knowledge, only one of them (69) evaluates systematically specific sleep disorders in menopausal women. According to literature data, the principal complaint of menopausal women seemed to be insomnia related to vasomotor symptoms during MT, but few studies measured objective indices of sleep quality and they revealed mild sleep architecture changes. The most frequently observed physical sleep pattern changes are PSG total sleep time, WASO, and, in some cases, sleep efficiency. Among possible sleep stage changes, less N1 and REM sleep have been observed, the latter mostly evident in patients with depressed mood. We show in our study data which corroborate the suggestion of a higher occurrence of sleep disorders in this group of women if compared to the general population. However, there seems to be no statistically significant differences among the three menopausal stages.
We noted only a trend toward a higher risk of OSAS in PM versus early PM and MT.
High occurrence of OSAS in PM is thought to be a consequence of physical modifications and higher prevalence of hypertension secondary to ageing and hormonal changes. Here we confirm this hypothesis: in our sample waist, neck circumference, Mallampati score and hypertension are significantly higher or more frequent in high-risk-OSAS women (Table 3) . However, none of the women in our survey underwent PSG, essential to confirm the diagnosis. Consequently, these data should be considered carefully. This also reveals the issue of too low attention towards sleep disorders in this contest by general and gynecologist practitioners. This underestimation of specific sleep disorders is confirmed by our high detection (21.7%) of RLS, that has not been previously diagnosed and so none of these women was assuming dopaminergic therapy (the gold standard treatment for RLS).
As shown in Table 3 , a non-specific definition of insomnia in our sample shows a peculiar relationship with a mood disorder: it is the only variable not associated with higher BDI and KI scores, in fact. This might suggest that even if "generic sleep complains" are clearly associated with depressed mood and a worse life quality along the menopausal process, the actual conditions linked to depression in these women could be more specific sleep disturbances, such as RLS and OSAS.
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Conclusions
Compared to the most recent Literature, our data underline and confirm the relevance of sleep disorders in menopausal and perimenopausal women, even if no difference seems to emerge through the three stages of menopausal process.
However, the data should be verified in population prevalence studies. We stress the importance of considering RLS and OSAS among other sleep disorders.
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These diagnoses should be confirmed by instrumental sleep studies. Given the different available therapeutic options for sleep disorders, (we suggest that) only a structured approach in selected, screened patients, could reach an effective treatment.
Ethical Approval
All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
"Informed consent was obtained from all individual participants included in the study."
Conflicts of Interest
The authors declare that they have no conflict of interest.
